1,3-dipolar cycloaddition reactions are the ones which have been widely used for many years in the synthesis of five-membered heterocyclic compounds, take an important place in synthetic organic chemistry. Even though they are very useful, they have been used in the synthesis of significant natural products since early 1980s. In this study, we examined intramolecular synthesis of tricyclic products with the Click Reaction mechanisms, theoretically. The use of azide substituted five and six membered cyclic starting materials and provided obtaining heterotricyclic compounds in one step. Derivatization was performed by changing the ring size (m) and varying substitüent (R). The reaction coordinates for all reactions were formed upon finding intermediates and transition states.
INTRODUCTION
Cycloaddition reaction is a type of addition reactions classified under chemical pericyclic reactions (1) . If ring systems are formed as a result of addition reactions, cycloaddition is possible. In cycloaddition reactions, two molecules with π-bonds get into reaction and as a result two new σ bonds are formed and transformed into a cyclic structure. The driving power in the reaction is the fact that σ bonds are more stable than π bonds. With the use of substituents which change in the reaction new compounds with cyclic structure could be synthesized. For this reason, cycloaddition reactions have a wide spectrum of application (2) .
Azide-alkyne 1,3-dipolar cycloaddition reaction is known as "Huisgen Cycloaddition Reaction" (3) . Sharpless called the reaction of coming together of small units as "Click Chemistry" (CC). Azide-alkyne, on the other hand, described 1,3 dipolar cycloaddition reaction as the best example of Click reaction (4) . Click reaction is a method which is often used for single-step synthesis of bicyclic or tricyclic compounds. There are bicyclic or tricyclic hetero rings in the content of many medicines. Therefore, synthesis of heterocyclic structures are very important for pharmaceutical sciences. In addition to that, it has a wide use in areas such as medicinal inventions (5) , bio conjugation, polymer and material science (6) , supramolecular chemistry (7) and tagging of deoxyribonucleic acid (8) .
1,2,3-triazole compounds are interesting connecting units because they are stable against metabolic degradation and they can connect to biomolecular targets as they are able to make hydrogen bonds (9) . Although 1,2,3 triazoles show some different biological activity, they do not exist in the nature. The triazolic compounds have undeniable importance for the medical chemistry. There are many triazole derivatives mentioned in the literature. Contrary to other azoheterocylics, 1,2,3 triazole rings are not protonated at pH physiological pH level because of low alkalinity.
The purpose of computational chemistry is to understand chemical reactions and processes in a better way. Today, many properties of molecules can be calculated without making any experiment with the help of theoretical computations. These calculations could be easily made even for compounds that are not obtained or not possible to obtain up to now, and could never be obtained under real conditions and the desired result are achieved.
Theoretical data could be informative. It could guide the experimental study and it can be used together with experimental study in a comparative way. In this way, the reliability of experimental studies and data increases and the method is supported. For this reason, the interest in theoretical studies is increasing day by day (10) .
In this study, a theoretical application of the Click Chemistry was performed in order to gain information about the reaction mechanism of the formation of a tricyclic hetero compound in one step and without using a catalyst.
This study has importance from the viewpoint of the realization of Click reaction without catalyst. It aims at theoretical synthesis in one step of three rings fused together as a result of intramolecular Click reaction.
COMPUTATIONAL METHOD
Geometric optimizations of all structures is realized first through MM2 method and then half-empiric PM3 Self-Consistent Field Molecular Orbital (SCMFO) method. Higher levels of geometric optimization is achieved with use of RHF and B3LYP/6-31G (d,p). None of the normal mode analysis for each compound resulted in negative frequency in either of three calculation methods.
In addition to the calculations, the stability of the compounds are analysed in solvent environment (THF). This is practically important because the execution of experimental conditions in laboratory in solvent environment is important in terms of interaction between solvent and the solute and their stabilities. Self-consistent SCRF model is used generally in order to explain the level of chemical reactions in the environment. In this model, microscopic data on the interaction between biomolecules and surrounding molecules is neglected. Instead of that, small THF clusters are used in order to model some of the properties of the solvent.
Effects of the solvent are analysed with SCRF method and Polarizable Continuum Model (PMC) is also used.
During the studies, Gaussian03W modelling program, the most widespread package program of today's computational chemistry, is used. GaussView5.0 graphical interface program is used in order analyse the calculations made with Gaussian. Calculation are made with the help of a HP420WS desktop computer with Intel Xeon ® CPU E5-1650 v2Q 3.50
GHz X 12 64-bit 48 GIB. Calculations are carried out with high performance server systems (work station) over the LINUX operating system.
RESULTS AND DISCUSSION
The purpose of this study is to theoretically analyse the synthesis mechanism of tricyclic products with intramolecular Click reaction. The use of cyclic azide starting materials and the capability of azide group for 1,3-dipolar addition makes possible the production of heterocyclic products in single step. The beginning molecules, which are designed in the study, are analysed under four different groups. While making this grouping, first of all, aromatic and aliphatic groups are separated and then later, alkyl group (-CH 3 ) is added to these structures and in this way molecular chain is continued to be extended.
Derivatization is made with by substituents (R) by changing ring sizes (n,m). 
Geometric Optimization of Molecules and Energy Results
Molecular geometry, which is created before starting the optimisation with GausView5.0 is an unstable structure. With geometric optimization, the most stable structure is achieved for a molecule; that is to say, the structure stable with minimum energy is found. After energy is calculated for reactants at TS, energy of the product is calculated. In Table 1 , you can see the optimized structures of reactants and products at DFT/B3LYP theoretical level by using the basic set of 6-31g (d,p). In this study which is thought to have importance from the viewpoint of the realization of Click reaction without catalyser, three ring-compounds fused together because of intramolecular Click reaction are theoretically synthesised in one step.
The beginning molecules, which are designed in the study, are analysed under four different groups. While making this grouping, first of all, aromatic and aliphatic groups are separated and then later, alkyl group (-CH 3 ) is added to these structures and in this way molecular chain is continued to be extended (from 1a to 2d2) The beginning molecules, 3rd
and 4th groups, are derived with oxygen and the chain is extended (from3a to 4b2).
Moreover, steric effects of new molecules that are obtained by substituting hydrogen instead of methyl in all 4 beginning groups (from1ag to 4d2), enable us to study the stability, how E a and ∆H' are changed, from a different perspective. The calculations are made also for 1st group molecules in solvent phase (from1a_d to 1d_g) in order to study the effects of the solvent; and thermodynamic properties in solvent phase (THF, a strong solvent) and gas phase are compared. In this way, azide-alkyne cycloaddition within the molecule and derivatives of 1,2,3-triazole and 1,2,3-triazole oxazine, which have different ring sizes, are synthesized and reaction mechanism of the compounds are theoretically studied.
Comparison of Stability of Starting Molecules
The optimized structures of the starting molecules are reached with the help of geometric optimization. When we look at the energy values of these structures, molecules can be evaluated under different groups.
Molecules of 1bb and 1cc, which are from Group1 molecules calculated in gas phase, are two structures with the same closed formula. When the beginning energy is considered, the molecule formed with chain extension by alkyne, 1bb is more stable, with a little difference, than the molecule formed with chain extension by azide, 1cb. For methyl substituted alkyne molecule calculated in gas phase, 1cgb structure, which is formed with chain extension by azide is more stable than 1bgb, which is formed with chain extension by alkyne.
In molecules from Group 1 calculated in solvent phase, 1b_b structure is much less stable than 1c_b structure while the stability of methyl substituted alkyne 1b_gb and the stability of 1c_gb structure are equal. When gas phase and solvent phase are compared, it is observed that molecules calculated in solvent phase are more stable and that, as a result of calculations made in SCRF solvent method using THF, solvent environment increases the stability by decreasing the beginning energy of the reactant, tough to a limited extent. Of these conformations, chair conformation is the most stable structure with lowest energy. That is why, for beginning molecules chair form is preferred. Axial and equatorial hydrogens are very important for stereoisomerism. Axial means that it is right-angled to the four carbon atoms which are on the same plane while equatorial means it is on a similar plane with four hydrogen atoms which are on the same plane. Derivatisation of substituents in cyclohexane is very important at just this point. According to bonding condition, product's geometric structure and stability is determined by whether the substituents are positioned as axial-axial/equatorial-equatorial or axial-equatorial/equatorial-axial. On the other hand, it is well known fact that conformations, which keep large substituent groups in equatorial position among cis/trans isomers, whether these are cis or trans isomers, have higher levels of energy.
In this study, 1st structures of molecules with aliphatic cycles are drawn as trans (substituents in equatorial-equatorial positions) and 2nd structure are drawn as cis (substituents in axial-equatorial position). For example, when 2a1b and 2a2b optimized structures are examined, it is seen that first structure is in trans position while second structure is in cis position.
When we look at the beginning energies in relation to cis/trans isomerism of 2nd group molecules calculated in gas phase, we can examine their stabilities among themselves.
It is observed that 2a1b structure, whose 2a1b and 2a2b isomers are in trans position, is more stable compared to 2a2b structure. Again calculations show that 2a1gb isomer, which has methyl substituted alkyne, is more stable compared to 2a2gb isomer. 2b1b, 2b2b, 2c1b and 2c2b molecules within 2nd group have same structure isomerism with the same closed formula. Among these structures, most stable one is 2b1b, which has chain extension to the alkyne side and which is trans.
When we compare these structures among themselves, we see that as of 2b structures, trans 2b1b is more stable than cis 2b2b; as of 2c structures, cis 2c2b is more stable than trans 2c1b.
Again, 2b1gb, 2b2gb, 2c1gb and 2c2gb molecules with methyl substituted alkyne within 2nd group have same structure isomerism with the same closed formula. Among these structures, most stable one is 2b1gb, which has chain extension to the alkyne side and which is in trans position. As their energies are equal, 2c1gb and 2c2gb are also equal in terms of stability and cis/trans isomerism does not have much effect. When 2b structures are analysed among themselves, we see that trans 2b1gb is more stable than cis 2b2gb. As of 2d group molecules, trans 2d1b is more stable than cis 2d2b and trans 2d1gb with methyl substituted alkyne is more stable than cis 2d2gb.
Since 3rd group molecules do not have same closed formula, it is not possible to make any comment with regard to the comparison of their stability.
In gas phase, 4th group molecules are evaluated in a similar way with 2nd group molecules. When 4a1b and 4a2b molecules are compared, we see that they have same closed formula; trans 4a1b is more stable. Just the opposite of this is observed in 4ag molecule which has methyl substituted alkyne. Cis 4a2gb is more stable. Among the 4b1b and 4b2b molecules, trans 4b1b structure is more stable than cis 4b2b structure. Among methyl substituted alkyne molecules, trans 4b1gb molecule is more stable than cis 4b2gb isomer.
Comparison of the Stability of the Products Formed as a Result of Reaction
When the optimized structures and energy levels of the products are compared as a result of calculations made, it is possible to explain how and to what extend the steric effects of derivatisation and the size of the rings formed affect the stability.
When 1st group molecules calculated in gas phase are evaluated, it is observed that ring size change with chain extension. Of the 1bs and 1cs ending molecules with same closed formula, 1cs is more stable. When molecules with methyl substituted alkyne in gas phase are observed, we see 1cgs structure as more stable. In solvent phase, 1c_s is more stable than 1b_s while among molecules with methyl substituted alkyne, 1c_gs is more stable than 1b_gs.
When 2nd group molecules are observed, 2a2s is more stable than 2a1s. 2a2gs with methyl substituted alkyne is more stable than 2a1gs. 2b1s, 2b2s, 2c1s and 2c2s are molecules which have same closed formula. 2b2s is the most stable one among these structures.
Moreover, when these structure are compared among themselves, it is seen that 2b2s is more stable than 2b1s and 2c2s is more stable than 2c1s. When structures with methyl substituted alkyne are evaluated, 2b2gs is the most stable one. 2b2gs is more stable than 2b1gs and 2c2gs is more stable than 2c1gs. Among 2d1s and 2d2s structures, 2d1s is more stable, while 2d1gs is most stable one within the structures with methyl substituted alkyne.
Of 4th group molecules, when 4a1s and 4a2s are evaluated, 4a2s is more stable.
Among 4b molecules, 4b1s ending molecule is more stable than 4b2s ending molecule.
Within the 4th group molecules with methyl substituted alkyne, 4a2gs is more stable than 4a1gs while 4b1gs is more stable than 4b2gs.
In order to explain the thermodynamic properties of Click chemistry reaction mechanism, E a and ∆H values are also calculated for reactions that are theoretically studied in an environment without a catalyst.
Comparison of E a s, which are necessary for Ring Closure
When we look at Chart1, E a value gives us information on several issues. It is known that as the E a value decreases, the reaction takes place faster, because there is an inversely proportional relationship between reaction's rate constant and E a . When the reactions in gas phase are observed, it is seen that the reaction with the lowest E a is the reaction where 4b1g molecule is formed while the reaction with highest E a is the reaction where 1a molecule is formed. For 1st group molecules studied in solvent phase, the reaction forming 1d_ has highest E a while the reaction forming 1a_g has lowest E a .
When ending molecules formed with Click reactions are observed in groups, it is seen that their ring sizes and geometrical positions change. These ring have 6-4-5, 6-5-5, 6-6-5
structures. The analysis of molecular reactions shows that Ea increases or decreases depending on chain extension, derivatisation and whether the structure is aromatic or aliphatic. In this sense, evaluation can be made from different perspectives.
When the groups are studied one by one, it is observed that the energy of the activation decreases as the size of the ring increases. In fact, this is an expected situation, because it is known that the structure which is expected to close in the easiest and fastest way is the reaction that forms 6-membered ring, and that the most difficult and the slowest reaction, which could even be inconclusive is the reaction that forms 4-membered ring. When the Ea s of the molecules, which do not contain methyl group but with which chain extension is made with that group, are studied, it can be said that as chain is extended, Ea decreases, that is to say, the reaction gets faster.
For example, among the reactions that were studied in gas phase, the reaction with lowest activation energy, that is, the fastest reaction is the one forming 1d molecule. The reaction with highest activation energy is the reaction forming the ending molecule which have a 4-membered ring in addition to triazole ring. These results show that when we extend the chain in the beginning molecule, the steric effect changes Ea. The results of the calculations show that as the chain is extended, Ea decreases and reaction gets faster.
If we put the activation energies of 1st group molecules in order, we can see is as
following: E a1d < E a1c , E a1b < E a1a. The same situation is observed in Ea results with methyl substituted alkyne (-CCCH3). But, the opposite result is seen in Eas of some other reactions.
For example, Ea of the structure that will form 5-membered ring is lower than Ea of the structure that will form 5-membered ring. In this group of molecules derived with oxygen formation of 5-membered ring is faster. This situation is observed in another way for 4th group molecules. E a4b1 < E a4a1 and Ea4b2< E a4a2, this situation has the same effect as chain extension that we have mentioned. But the situation is different with 4rd group Eas which have methyl substituted alkyne: E a4b1g < E a4a1g and E a4b2g > E a4a2g. In this point, it should be taken into account from where the chain extension is made; and from where and how the groups with aliphatic rings are connected.
Geometric situation is very important for structures with same closed formula in terms of the reaction's progress. When Eas is compared for 1c and 1b in gas phase: E a1c < E a1b . That is to say, the energy barrier is higher for reaction in which chain is extended in alkyne side.
The same situation is observed for Ea of 1b_g and 1c_g for which terminal alkyne is extended. There is no change in this situation when we observe solvent phase. 5-membered ring structure, which is formed with the extension of chain on azide side, whether it is in gas phase or in solvent phase, has lower activation energy. Hence, the reaction takes place faster.
There are geometrical isomers in 2nd group, because there are structure with same closed formula in addition to aliphatic ring structures. In this group, 2b, which will form 5-membered ring after reaction, has lowest Ea. When we examine all Eas one by one, we see that 2a2 has lower activation energy compared to 2a1. The calculations show that within the 2b and 2c structures, which have same closed formula, among 2bs, 2b2 has a lower Ea while among 2cs 2c1 has lower Ea. In 2d structures, which give 6 membered ring, 2d2 has a lower Ea, that is to say, its reaction takes place faster. The same results observed for structures with methyl substituted alkyne.
In group 4, Ea is lower for 4a1 and 4a2. While the situation is same for 4b1g with methyl substituted alkyne, Ea of 4a2g is lower than Ea of 4a1g.
The existence of a difference between the Ea in gas phase and Ea in solvent phase is an important, noteworthy situation. When Eas in 1st group are observed, it is seen Eas are increasing for all structures, other than the structures that will form 4 membered rings. This situation stems from polarity of the solvent.
When all structures are compared among themselves, Eas of the reactions that will produce 4 membered rings decrease in structures with methyl substituted alkyne.
Moreover, Ea decreases in structures with methyl substituted alkyne when 2b1 and 2b1g; 2c2 and 2c2g; 4a2 and 4a2g; 4b1 and 4b1g are compared. The steric effect plays an important role in this situation.
Comparison of ∆H calculated from the energy differences of statrting and final molecules.
That the reaction, where 1a and 1ag are formed in gas phase and 1a_ and 1a_g are formed in solvent phase, is endothermic while all others are exothermic is a fact that draws attention at first glance. When we look at all other reactions forming 4-membered ring, (2a1, 2a2, 2a1g and 2a2g) although they are exothermic, energy levels are very low. These molecules are either endothermic or with very low energy because their 4 membered rings have high ring strain. This situation stemming from ring strain shows that reactants are more stable compared to products.
When we observe the ring size of molecules formed after reactions we see that as the ring size increases, more heat is released. Reaction becomes more exothermic. For example, in gas phase, 2d1 reaction is more exothermic than 2b1 reaction by 108 kj/mol. In a similar way, for molecules with methyl substituted alkyne, reaction becomes more exothermic when rings gets bigger. However, for molecules with same closed formula, which are different isomers, reactions' ∆H differs because of the effects of cis-trans isomer and steric effect over the ending molecule.
Reactions in molecules with methyl substituted alkyne have lower energy compared to the ones with terminal hydrogen. For example, 3a reaction is more exothermic than 3ag reaction by 10.52 kj/mol. But there are three reactions that are exceptions to this situation: 2a1 and 2a2g; 2b1 and 2b1g; 2c1 and 2c1g. Normally, it is expected that they are less exothermic for molecules with methyl substituted alkyne. But they are observed as being more exothermic.
When we look at the calculations made in gas phase in Chart1, without taking into account the structures containing 4-membered rings, we can conclude that the most exothermic reaction is the reaction where 4b1 molecule is formed.
On the other hand, the fact that reactions are less exothermic in solvent phase could be explained by polarity of the solvent. Most exothermic reaction is 1d_ reaction where 6-membered rings are formed. This paper aimed at explaining Click reaction mechanism where derivatives of triazole with different sizes of rings is synthesized in an environment without a catalyst. The study has found out the influence of steric affect over product stability; geometric positioning of ending molecules stemming from the differences between conformers and thermodynamic differences between rings of different sizes, which are synthesised with chain extension. In addition to that solvent affect is also analysed.
Since structures with one hetero ring or more hetero rings are used as the beginning material in many scientific areas such as polymer, medicines, biochemistry, this study could change the perspectives in many areas. Thermodynamic values of molecules which are theoretically synthesised with intramolecular Click reaction and the reaction mechanism, which is explained, could help the enlightenment of many new molecules.
The fact that it is carried out without a catalyst is of great importance for pharmacology. Especially, for triazole which is preferred as a pharmaceutically active compound, there will be no need to remove copper from the new synthesized medicines.
